Free-living amoebae that belong to the genus Acanthamoeba are widespread in the environment, including water. They are responsible for human infections and can host pathogenic microorganisms. Under unfavorable conditions, they form cysts with high levels of resistance to disinfection methods, thus potentially representing a threat to public health. In the present study we evaluated the efficacies of various biocides against trophozoites and cysts of several Acanthamoeba strains. We demonstrated that disinfectant efficacy varied depending on the strains tested, with environmental strains demonstrating greater resistance than collection strains. Trophozoites were inactivated by all treatments except those using glutaraldehyde as an active compound: for these treatments, we observed resistance even after 30 min exposure. Cysts resisted many treatments, including certain conditions with glutaraldehyde and other biocides. Moist heat at 55°C was not efficient against cysts, whereas exposure at 65°C was. Several chemical formulations containing peracetic acid, hydrogen peroxide, or ortho-phthalaldehyde presented greater efficacy than glutaraldehyde, as did ethanol and sodium hypochlorite; however, some of these treatments required relatively long incubation times to achieve cyst inactivation. Amoebal cysts can be highly resistant to some high-level disinfectants, which has implications for clinical practice. These results highlight the need to consider the effective disinfection of protozoa in their vegetative and resistant forms due to their intrinsic resistance. This is important not only to prevent the transmission of protozoa themselves but also due to the risks associated with a range of microbial pathogens that are found to be associated intracellularly with these microorganisms.
Free-living amoebae (FLA) are among the most prevalent protozoa found in the environment, being isolated from soil, air, and water, as well as from dust, sewage, and sediments (43) . They can colonize water systems and have been isolated from drinking water plants (24, 57) , hospital water networks (44, 56) , domestic water networks (30) , and cooling towers (3) , to name but a few. Among FLA, Acanthamoeba species are, to date, the most frequently encountered in human infections. The life cycle of Acanthamoeba can be considered in two stages. During the first stage, the vegetative trophozoite form is feeding and replicating. The second stage develops not only under unfavorable environmental conditions, such as nutrient starvation, heat, cold, and desiccation, but also in the presence of elevated concentration of various chemical compounds, with the trophozoites differentiating into cysts (13, 40) . During the encystment phase, amoebae become round and form two distinct layers: the endocyst, containing cellulose, and the ectocyst, containing various polysaccharides and proteins (27, 34) . Cysts are metabolically inactive and can remain viable for more than 20 years under dry conditions (51) and 24 years at 4°C in water (38) .
The most frequent infection associated with Acanthamoeba spp. is amoebic keratitis (AK), first described in 1974 (39) . This is a particularly difficult to treat ocular infection that leads to trauma and corneal necrosis. The reports of AK have dramatically increased in parallel with the use of contact lenses, with incidence rates of 0.15 per million population in the United States and 1.4 per million population in the United Kingdom being reported (17) . In a 2009 study, Acanthamoeba spp. were also encountered in the urine of critically ill patients in intensive care units, suggesting that FLA might play a role in hospital-acquired infections by facilitating transmission of bacteria to the patients (45) . In fact, in addition to their intrinsic pathogenicity, Acanthamoeba can potentially harbor various bacterial, viral, and eukaryotic species pathogenic for human and animals (22) . Thus, among 539 bacterial species listed as being pathogenic for humans and/or animals, 102 (including Acinetobacter, Enterobacter, Legionella, various mycobacteria, Pseudomonas, and Serratia spp.) were described in the literature as being able to resist and potentially proliferate after amoebal ingestion (59) . Survival of bacteria within amoebal cysts has been demonstrated for several of these species, mainly mycobacteria (1) , and cysts are thus considered potential reservoirs of pathogens in water networks.
Despite increasing health concerns over FLA, there is still a paucity of information concerning their resistance to various biocides and disinfectants. Trophozoites are considered relatively sensitive to most chemicals, but cysts have been shown to be more resistant. It has been reported in several studies that they can resist exposure to biguanides, quaternary ammonium compounds, chlorine, chlorine dioxide, and hydrogen peroxide (59) . They have high levels of resistance to radiation, such as UV, X-ray, and gamma irradiation, but limited resistance to high temperatures (59) . There is no official standard available to test the activities of disinfectant against amoebae. Amoebal strains, the media used to grow and encyst trophozoites, and the exposure and neutralization conditions, as well as methods to evaluate residual viability after treatments, vary from one study to another and might thus be responsible for the observed discrepancies (2, 12) . Furthermore, there are few data available, if there are any data at all, on the activities of the various chemicals used for surface and medical device disinfection in health care settings, such as alcohols, aldehyde-based products, peracetic acid (PAA)-based products, and hydrogen peroxide-based products.
In the present work, we compared the efficacies of various disinfection treatments used in health care settings, including widely used high-level disinfectants, against reference and field isolate strains of Acanthamoeba.
MATERIALS AND METHODS
Amoebal strains. Nine different strains were tested: Acanthamoeba castellanii ATCC 30010 and CCAP 1501/10, Acanthamoeba polyphaga CCAP 1501/18, and six environmental strains previously isolated from a hospital water network (56) and from Seine River water (57) . All amoebal strains were grown in peptone yeast glucose (PYG) medium in tissue culture flasks at 28°C as described previously (60) .
Further characterization of environmental amoebal strains. Trophozoites were recovered from the PYG medium flasks and washed in phosphate-buffered saline. DNA was extracted using a Pure Link genomic minikit (Invitrogen), including digestion with lysozyme (20 mg/ml) for 30 min at 37°C and with proteinase K (20 mg/ml) for 2 h at 55°C. The diagnostic fragment DF3 was amplified using previously described primers JDP1 (5Ј-GGCCCAGATCGTTT ACCGTGAA-3Ј) and JDP2 (5Ј-TCTCACAAGCTGCTAGGGGAGTCA-3Ј) (9) . Sequencing was performed using primers JDP1 and JDP2, as well as internal primers 892CF (5Ј-GTCAGAGGTGAAATTCTTGG-3Ј) and 892CR (5Ј-CCA AGAATTTCACCTCTGAC-3Ј) (47) .
Environmental Acanthamoeba strains were also screened for the presence of intracellular bacteria by performing PCR with DNA extracted from amoebae using universal primers FD1 (5Ј-AGAGTTTGATCATGGCTCAG-3Ј) and RP2 (5Ј-ACGGCTACCTTGTTACGACTT-3Ј), targeting the bacterial 16S rRNA gene (61) .
Encystment. Cysts were prepared from trophozoites using Neff's encystment medium (0.1 M KCl, 0.02 M Tris, 8 mM MgSO 4 , 0.4 mM CaCl 2 , 1 mM NaHCO 3 ). Briefly, adhering trophozoites were suspended in PYG medium in cell culture flasks, harvested by centrifugation at 2,700 ϫ g for 10 min, and washed in encystment medium. Approximately 5 ϫ 10 7 trophozoites were then added to 25 ml of encystment medium in a 150-cm 2 culture flask and incubated at 33°C for 7 days. Cysts were then recovered from the flask, suspended for 5 min in sterile distilled water with 0.5% SDS to lyse nonmature cysts and dissociate aggregates, and then washed two times in 1/4-strength Ringer's solution and stored at 4°C for testing within 15 days.
Decontamination tests. (i) Trophozoites. Confluent cell monolayers were harvested from the culture flasks and resuspended in 1/4-strength Ringer broth, with the cell concentrations adjusted to 10 7 to 10 8 cells/ml. Trophozoites were then diluted 1/10 in the products to be tested or in Page amoeba saline (PAS) for the controls. The disinfectants tested included various diluted biocides as well as formulated biocides, as their activities vary significantly. We tested various oxidizing biocides based on acids (hydrogen peroxide or peracetic acid) or chlorine (sodium hypochlorite), as well as fixative biocides based on various aldehydes and ethanol (Table 1 ). Once they were diluted in the disinfectants, trophozoites were incubated for 5 min (all products except glutaraldehyde and a glutaraldehyde-based product) to 25 min (glutaraldehyde and a glutaraldehyde-based product) at room temperature. They were then recovered by centrifugation at 2,700 ϫ g for 5 min, resuspended in Dey-Engley (D/E) neutralizing broth (with 0.2% catalase for hydrogen-peroxide-based products) for 5 min, and vortexed at maximum speed for 30 s. After another centrifugation step at 2,700 ϫ g for 5 min, trophozoites were resuspended in 1/4-strength Ringer broth and serial diluted in PYG medium in 48-well plates (6 wells per dilution). The plates were incubated for 21 days at 28°C, with the wells being regularly observed for trophozoite growth; log 10 reductions were calculated using the Spearman-Karber method. Each test was performed at least four times.
(ii) Cysts. Cysts were adjusted at 10 7 to 10 8 cysts/ml in 1/4-strength Ringer broth. Suspensions were diluted 1/10 in the product to be tested (PAS for controls) and incubated for 5, 15, or 25 min at the appropriate temperature (Table 1) . They were then recovered by centrifugation at 12,000 ϫ g for 5 min, resuspended in D/E neutralizing broth plus 0.5% SDS for 5 min, and vortexed at maximum speed for 30 s. After another centrifugation step at 12,000 ϫ g, cysts were resuspended in 1/4-strength Ringer broth and serially diluted on a nickelnitrilotriacetic acid-Escherichia coli ATCC 25922 lawn in 48-well plates (6 wells per dilution). After 7 days of incubation at 28°C, the wells were observed for trophozoite growth and the log 10 reductions were calculated using the SpearmanKarber method.
Aggregation tests. Cysts were observed at the end of the 7 days of incubation in Neff's medium to evaluate their capacity to form aggregates. The same cysts were directly examined after treatment with 0.5% SDS to confirm the dissociation of aggregates. Any effects of treatments on aggregation of SDS-treated cysts were monitored after incubation of cysts in 24-well plates in the presence of products for various times: (i) 10 min for 2.5% sodium hypochlorite, 70% ethanol, 2% glutaraldehyde, 0.55% ortho-phthalaldehyde (OPA), 0.2% peracetic acid (PAA), an H 2 O 2 -based product (Resert HLD; STERIS Corporation, St. Louis, MO), and a PAAbased product (STERIS-20; STERIS Corporation, Mentor, OH); (ii) 30 min for 0.25% sodium hypochlorite, a glutaraldehyde-based product, an OPA-based product, 7.5% hydrogen peroxide, and a further hydrogen peroxide/peracetic acid-based product (Sporklenz RTU; STERIS Corporation, St. Louis, MO). TEM. Cysts obtained after incubation of amoebal strains 1, 3, and 4 and Acanthamoeba polyphaga CCAP 1501/18 in Neff's medium were prepared for observation by transmission electron microscopy (TEM). The samples were fixed in 2.5% glutaraldehyde for 1 night, postfixed for 1 h in 0.1 M cacodylate buffer-1% OsO 4 for 1 night, stained with uranyl acetate (0.25%) for 1 night, dehydrated, and embedded in epoxy resin. Thin sections (50 to 60 nm) were stained with uranyl acetate (5 min) and lead citrate (5 min), being then examined with a Philips EM 208 electron microscope. A minimum of 100 measurements were taken to evaluate the thickness of the ectocysts for each of the four isolates.
Statistical analysis. Statistical analysis was performed using one-way analysis to compare the thickness of amoebal cysts or a Fisher's exact test to compare the numbers of wells positive for each isolate and each treatment. Statistical significance was set at an alpha level of 0.05.
Nucleotide sequence accession numbers. Partial 18S rRNA gene sequences corresponding to the DF3 fragment of environmental strains were deposited in GenBank under accession numbers GU459317 to GU459322.
RESULTS

Further characterization of environmental amoebal strains.
Partial sequencing of the 18S rRNA gene allowed classification of most isolates in the genotype T4 group (Fig. 1) . Only one isolate was classified under the T5 genotype, being identified as Acanthamoeba lenticulata after sequencing of the 18S rRNA intron specific to this species (data not shown). Interestingly, we were not able to amplify any DNA with 16S ribosomal DNA (rDNA) universal primers, suggesting that all environmental isolates were free of bacteria.
Disinfection tests. (i) Trophozoites. All products tested against trophozoites except 2% neat glutaraldehyde and a glutaraldehyde-based disinfectant formulation achieved complete kill for all strains after 10-min exposures. For the two glutaraldehyde treatments, no morphological modifications were observed after the treatment and the cells could still adhere to the bottom of the wells when the plates were seeded in PYG medium to count the survivors. The calculated log 10 reductions were very similar after 30-min exposures to glutaraldehyde alone or in formulation and varied from approximately 1 log 10 unit for strain 3 to 4.5 log 10 units for A. castellanii CCAP 1501/10 ( (19) , and the tree was constructed using the neighbor-joining method. Bootstrap values resulting from 2,000 replications are presented at each node when the value was Ͼ50%. (ii) Cysts. Table 3 summarizes the efficacies of all biocides tested against cysts of the nine Acanthamoeba strains. As some formulated biocides tested in this study have recommendeduse temperatures of Ͼ50°C, tests investigated the effect of elevated temperatures on cyst viability. Exposure at 55°C for 10 min was completely inefficient (Յ1-log 10 -unit reduction for all strains), whereas exposure at 65°C for 10 min was completely efficient (Ͼ4-log 10 -unit reduction for all strains).
With the chemical biocides tested, variability in strain resistance profiles was observed. With 10-min exposures, all strains resisted at least 2 of 12 chemical biocides (Ͻ4-log 10 -unit reduction of viable cysts), and the cysts of the most resistant strain (strain 4; P Ͻ 0.05) resisted exposure to 8 of 12 treatments. Sodium hypochlorite at 2.5% achieved complete kill of all tested strains. A PAA-based product (at the associated exposure temperature of 55°C, as recommended by the manufacturer) and one hydrogen peroxide-based product (Resert HLD at room temperature) demonstrated a Ͼ4-log 10 -unit reduction. Efficacy was observed with ethanol 70% (Ͼ4-log 10 -unit reduction for all strains except strains 3 and 4, for which only 2.8-and 3.5-log 10 -unit reductions were achieved) and ortho-phthalaldehyde alone (Ͼ4-log 10 -unit reductions for all strains except strain 3 [3.7-log 10 -unit reduction] and strain 4 [1.1-log 10 -unit]). A further hydrogen peroxide/peracetic acidbased product (Sporklenz RTU) was effective against six of the nine tested strains after a 10-min exposure, with the other three strains presenting moderate resistance (strain 2, 3.6-log 10 -unit reduction; strain 3, 1.6-log 10 -unit reduction; strain 4, 1.7-log 10 -unit reduction) and being inactivated after 20 min exposure (except for strain 4, for which the reduction was Ͼ4 log 10 units with few survivors but complete inactivation after 30 min). Three strains presented moderate to high levels of resistance to 10 min exposure to PAA alone at room temperature: 0.2-to 2.1-log 10 -unit reductions for strains 2 and 4 and A. castellanii ATCC 30010. Sodium hypochlorite (0.25%) and an OPA-based product were moderately efficient at 10-min exposures, with greater efficacy at 20 min for seven of nine strains being noted; 30-min exposures were required to achieve the complete kill of strains 3 and 4 with the OPA-based product, whereas strain 3 resisted 30 min exposure to 0.25% sodium hypochlorite. Glutaraldehyde (2%) alone or in formulation had little efficacy, with five of the nine tested strains resisting 30-min exposures to the glutaraldehyde-based product (0.9-to 2.8-log 10 -unit reductions).
Aggregation tests. Acanthamoeba castellanii strains ATCC 30010 and CCAP 1501/10, Acanthamoeba polyphaga strain CCAP 1501/18, and environmental isolates Acanthamoeba sp. strains 1 and 4 formed large aggregates during encystment in Neff's medium (Fig. 2) . These aggregates were dissociated after treatment with 0.5% SDS for 5 min (Fig. 2) . Several treatments induced aggregation, but it was limited only to several strains (Fig. 2) ; some of these treatments were still efficient at killing cysts (such as the hydrogen peroxide-based products, sodium hypochlorite, and ethanol), whereas others (PAA and hydrogen peroxide alone and a glutaraldehydebased product) were not (Table 3) .
Transmission electron microscopy. The measured thicknesses of the ectocysts were 0.4 Ϯ 0.1 m for strains 1 and 4, 0.6 Ϯ 0.3 m for strain 3, and 0.3 Ϯ 0.1 m for A. polyphaga CCAP 1501/18 (Fig. 3) . Statistical analysis demonstrated that the ectocysts of strain 3 (Fig. 3B) were significantly thicker than the ectocysts of the three other strains and that the ectocysts of strains 1 and 4 ( Fig. 3A and C) were significantly thicker than the ectocysts of A. polyphaga CCAP 1501/18 (Fig. 3D) .
DISCUSSION
Free-living amoebae that belong to the Acanthamoeba genus represent a potential threat to human health due to not only their intrinsic pathogenicity (37) but also their role as protective and disseminating hosts for other pathogenic microorganisms (59) . Due to their capacity to resist chemical and physical treatments used for drinking water production and distribution (36, 55, 57) , they can colonize virtually any artificial water system. They are also widely distributed in moist areas, air, and dust (14, 42, 44) . Despite increasing health concerns caused by these organisms, there is still a paucity of information concerning their inactivation by various physical and chemical biocides (59) . In the present study we were mainly interested in testing the trophocidal and cysticidal activities of several chemical biocides used in health care settings to decontaminate medical instruments and surfaces. The amoebal strains tested included recent environmental isolates and culture collection strains. Characterization of six environmental strains using the 18S rDNA diagnostic fragment DF3 demonstrated that five of them belong to the genotype T4 group, which is also the group to which most isolates associated with keratitis and nonkeratitis infections belong (10, 33, 46) . The other strain was identified as A. lenticulata, a species that belongs to the genotype T5 group. This species has rarely been associated with keratitis (50), with disseminated infection in an immunocompromised individual (5) and with acute granulomatous encephalitis in an immunocompetent individual (32) being noted. We also included collection strains in this representative set since it has been demonstrated that amoebae present markedly different properties after long-term axenic culture and have a decreased ability to encyst synchronously and a reduced temperature tolerance (31, 41) .
Resistance of trophozoites to glutaraldehyde has already been documented with A. polyphaga strain Linc-Ap1 (21), which is identical to strain CCAP 1501/18 that was used in our study. The authors used trypan blue viability staining to demonstrate that a 2% glutaraldehyde-based product was not effective at killing trophozoites even after 3 h of exposure and that it actually induced encystment (21) . We arrived at a similar conclusion using a different method to measure residual viability; however, the relatively shorter exposures did not allow demonstration of encystment. Aggregation tests with cysts did not reveal trophozoite aggregation induced by glutaraldehyde alone or in formulation (data not shown). Environmental isolates that belong to the T4 group presented significantly (P Ͻ 0.05) higher levels of resistance than collection strains that belong to the same group, except strain 1. Surprisingly, we observed better efficacy of glutaraldehyde against cysts than against trophozoites for strains 1, 4, and 5; A. castellanii ATCC 30010; and A. polyphaga CCAP 1501/18 (P Ͻ 0.05). A possible explanation is that cross-linking of cyst external structures impairs deencystment even if the amoebae remain viable; alternatively, the cyst structure may be more sensitive to the activity of this biocide. Viability staining of cysts treated with glutaraldehyde might be useful to understand these effects. Resistance of Acanthamoeba trophozoites to glutaraldehyde raises important questions about the potential association of glutaraldehyde-resistant Acanthamoeba with nontuberculous mycobacteria (NTM) that can also resist glutaraldehyde and grow within amoebae (18, 23, 58) . It has been demonstrated that the resistance of NTM to glutaraldehyde is at least partially due to mutations in cell wall porins and that these mutations also increase the resistance of NTM to antibiotics commonly used to treat these infections (53) . Furthermore, mutations in the same genes also increase the intra-amoebal survival capacity of NTM (49) . In a critical scenario, glutaraldehyde could thus select for NTM strains that are resistant to antibiotics and that can multiply within Acanthamoeba trophozoites that also resist exposure to glutaraldehyde. Previously described quantitative kill assays were used as references for the cyst inactivation assay used in this study (7, 29 ; see www.fda.gov/downloads/MedicalDevices/NewsEvents /WorkshopsConferences/UCM130752.ppt). Neff's encystment medium was chosen since it allows recovery of high numbers of cysts and it may better represent the conditions encountered by amoebae in water networks than other conditions used to produce cysts (25) . SDS (0.5%) was used after encystment to kill immature cysts and dissociate aggregates (35) , although these aggregates may need to be further considered, as they FIG. 2. Self-aggregation of cysts and treatment-induced aggregation of cysts. Cysts were observed after 7 days of incubation in Neff's medium, after treatment with 0.5% SDS for 5 min, and after treatment with various biocides for various contact times (only treatments that induced visible aggregation are reported). 1, 7.5% hydrogen peroxide for 30 min; 2, hydrogen peroxide-based product Resert XL-HLD for 10 min; 3, hydrogen peroxide/peracetic acid-based product Sporklenz RTU for 10 min; 4, 2% glutaraldehyde-based product for 30 min; 5, 70% ethanol for 10 min; 6, 0.2% peracetic acid for 10 min; 7, 0.25% sodium hypochlorite for 10 min; 8, 2.5% sodium hypochlorite for 10 min; †, no growth observed after treatment. Magnification, ϫ100.
likely exist naturally in the environment. D/E broth was confirmed to adequately neutralize the various biocides and has been demonstrated to be nontoxic to A. castellanii (11) . Seeding of treated cysts onto E. coli lawns was preferred to direct seeding into PYG medium since it leads to higher recovery rates.
We demonstrated significant strain-specific variability in resistance of the cysts to treatments, with strain 3 being the most resistant (P Ͻ 0.05), followed by strains 2 and 4 (P Ͻ 0.001). Of note, both strains 3 and strain 4 were isolated from a hospital water network (56) , thus demonstrating that strains isolated in health care settings can potentially resist the disinfection treatments used in these facilities. Other strains presented intermediate resistance profiles. The observed differences in resistance may partly be due to the ectocyst structure, since it was significantly (P Ͻ 0.001) thicker in the more resistant strain than in the others. This cyst wall structure has been demonstrated to contain large amounts of cellulose (15) , and an increase in cyst wall cellulose content during encystment has been demonstrated to coincide with increasing resistance to biocides (60) . Other mechanisms may also play a role, since the cysts of strain 4 presented a thickness similar to those of strain 1 but were significantly (P Ͻ 0.001) more resistant to treatments.
We confirmed that the minimal cysticidal temperature is 65°C for most Acanthamoeba sp. isolates, with the cysticidal efficacy being from almost no effect to complete kill when the temperature is increased from 55°C to 65°C. These differences confirm previous reports from studies with cysts of A. polyphaga (28) . It should be noted that the cysts of some thermotolerant isolates could resist exposure at 80°C for 10 min (52). Hydrogen peroxide (7.5%) showed limited activity even after 30 min exposure for resistant strains. Conversely, a hydrogen peroxide-based product, despite having lower concentrations of peroxide (2%), showed greater efficacy (P Ͻ 0.001). Differences in the cysticidal activities of lens care solutions containing 3% hydrogen peroxide have already been demonstrated (26) , thus highlighting the critical importance of nonactive ingredients, notably surfactants, for the microbicidal activities of formulations. The same remark applies to peracetic acid alone compared to peracetic acid in formulation: two strains resisted very well exposure to 0.2% PAA alone for 10 min, whereas only one strain showed slight resistance after exposure to STERIS-20 for 10 min at 55°C (identical PAA concentration; recommended contact time, 12 min). In this case, increased activity (P Ͻ 0.001) might also be due to the synergistic effects of surfactants and elevated temperature, since it has been reported that a PAA-based product containing a higher biocide concentration was not fully active against A. polyphaga cysts after 10 min exposure at room temperature (21) . We were surprised by the relatively good efficacy of ethanol, since this chemical shows limited activity against various microorganisms, including bacteria, viruses, and protozoa (4, 8, 20) ; further viability studies may also be interesting in this case due to the fixing mechanism of action associated with this biocide. Sodium hypochlorite was fully efficient at 2.5% (2,500 ppm) but required longer exposures when it was diluted 1/10, and one strain (strain 3) resisted this concentration even after 30 min exposure. Chlorine is considered ineffective against Acanthamoeba cysts, notably at the low residual concentrations (2 to 5 ppm) used to control microbial flora in drinking water networks. Surprisingly, ortho-phthalaldehyde alone showed better efficacy than an OPA-based product after 10 min exposure for strains 1, 2, and 3 and the three collection strains. This might be due to additional compounds (phosphate buffering salts, corrosion inhibitors, chelating agents) in the formulation, changing the biocidal activity or availability of the active molecule against cysts (16) . The OPA-based product showed good efficacy after 20 min exposure but required 30 min exposure to become fully efficient against resistant strains 3 and 4. The limited efficacy of glutaraldehyde against other dormant forms has already been reported, requiring more than 10 h of contact time for the complete inactivation of Cryptosporidium oocysts (63) . Furthermore, aldehydes are known to have fixative properties, which could lead to the accumulation of organic soils and render inactivation even more difficult (62) . As for OPA, glutaraldehyde alone showed better efficacy against cysts than the glutaraldehyde-based product after 10 min exposure for strains 5 and 6. As already mentioned, amoebal cysts are ubiquitous in drinking water networks but can also contaminate various surfaces and travel through the air in droplets as well as in dry forms. Their potential role as vehicles for various pathogenic microbial species and their intrinsic resistance to high-level disinfectants highlight the need to better evaluate and understand the actions of these treatments against these Trojan horses of the microbial world (6) . Standardized procedures for determining the efficacies of contact lens solutions are under investigation by various working groups (26) ; such procedures should also be investigated for testing the disinfection treatments used for other purposes.
